Background: On the basis of some significant clinical parameters, we had an intent to establish nomograms for estimating the prognosis of patients with squamous cell carcinoma of the urinary bladder (SCCB), including overall survival (OS) and cancer-specific survival (CSS). Methods: The data of 1210 patients diagnosed with SCCB between 2004 and 2014,were obtained from the Surveillance, Epidemiology, and End Results (SEER) database. The Cox proportional hazards regression model was applied to evaluate the association between variables and survival. Nomograms were constructed to predict the OS and CSS of an individual patient based on the Cox model. In the end, the performance of nomograms was internally validated by using calibration curves, concordance index (C-index), and k-fold cross-validation. Results: Several common indicators were taken into the two nomograms (OS and CSS), including age at diagnosis, marital status, sex, TNM stage, surgical approach, tumor size, and lymph node ratio while the OS nomogram additionally contained race, grade, and chemotherapy. They had an excellent predictive accuracy on 1-and 3-year OS and CSS with C-index of 0.733 (95% confidence interval [CI], 0.717-0.749) for OS and 0.724 (95% CI, 0.707-0.741) for CSS. All calibration curves showed great consistency between actual survival and predictive survival. Conclusions: The nomograms with improved accuracy and applicability on predicting the survival outcome of patients with SCCB would provide a reliable tool to help clinicians to evaluate the risk of patients and make individual treatment strategies.
Background
Urinary bladder carcinoma is one of the most common malignancies with around 77,000 new cases and 16,000 deaths per year in the United States [1] . It has several histological types including transitional cell carcinoma (TCC), squamous cell carcinoma (SCC), adenocarcinoma, small cell carcinoma, and other less common types. Among them, the majority is TCC that accounts for 90-95% of urinary bladder carcinoma, while SCC only accounts for 2-5% [2] . Therefore, researchers naturally have paid more attention to TCC rather than SCC. However, SCC of the bladder has a high degree of malignity and a high incidence of recurrence [3] . Moreover, it is worth noting that for patients with stage III or IV bladder cancer, SCC had a more rapid disease progression than TCC [4] . Hence, it is necessary to understand SCC of the bladder (SCCB) better, especially for prognosis.
Owing to the low incidence of SCCB, an accurate and applicable prognosis model for this disease does not exist. The American Joint Committee on Cancer (AJCC) has established the tumor node metastasis (TNM) staging system, which is the most common method for predicting patients' prognosis. However, the TNM scheme does not consider factors like demographic information and treatment, which may also prompt a significant association with survival outcomes, although some of them have not thoroughly been studied yet. Spradling et al. reported that lymphovascular invasion was associated with oncologic outcomes for SCCB [5] . A study that involved 45 cases of SCCB [6] shows that radical cystectomy with lymph node dissection appeared to offer a significant benefit to survival in a subset of these SCCB patients. However, Scosyrev et al. reported that SCCB histologic features were not associated with increased mortality among patients with AJCC Stage I and II tumors treated with cystectomy [7] . Abdollah et al. also found a more advanced stage at the surgery for SCCB, but its histological subtype is not associated with a less favorable prognosis than the urothelial carcinoma histological subtype [8] . Besides, several molecular biomarkers have been explored in predicting survival outcomes like fibroblast growth factor 2 (FGF-2), cyclooxygenase 2 (COX-2), p53, Bax, and epidermal growth factor receptor (EGFR) [9] [10] [11] . However, the application of molecular biomarkers in prognosis is restricted because of the expenses and inconvenience. In a word, a convenient, comprehensive, and accurate prognostic model is greatly needed by clinicians.
Nomogram is a visible tool based on statistical models that can improve accuracy in predicting prognoses [12] . Many studies have demonstrated that nomograms have higher accuracy than that of risk groups assignment model and staging model because nomograms contain various significant clinical and pathological factors [13] [14] [15] [16] . By integrating these factors into nomograms, we can obtain the probability of individual survival outcomes at a specific timepoint. Therefore, nomogram is a reliable tool that could be used to evaluate prognoses and guide decisions on treatment.
Nowadays, there are no valid prognostic models for patients with SCCB, though this is one of the most deadly histological types of urinary bladder carcinoma. This study aims to establish nomograms based on significant clinicopathological parameters (grade, tumor size, TNM stages, LNR), demographic information (age, marriage, sex, race) and therapy (radical cystectomy, chemotherapy) to predict prognostic outcomes of patients with SCCB.
Methods

Patient selection
In this study, all data of patients were obtained from the Surveillance, Epidemiology, and End Results (SEER) database, which collects and publishes data including cancer incidence and mortality from 20 cancer registries that cover approximately 28% of the population of the United States. The study cohort consists of patients who met the following criteria: 1) age at diagnosis between 18 and 100 years old; 2) positive histology; 3) histological type limited to squamous cell carcinoma of the bladder (ICD-O-3 codes: 8070/3, 8072/3, 8074/3-8077/3); 4) active follow-up with complete date and known survival months and known cause of death; 5) adequate/consistent information on variables including age at diagnosis, sex, race, marital status, Fuhrman grade, TNM stage, number of regional lymph node removed, number of regional lymph node positive, surgery of the primary tumor, surgery of metastasis, radiation, and chemotherapy. Patients in the cohort diagnosed before 2004 were excluded since their TNM stage information was not recorded in the SEER database. After selection, 1210 eligible patients were enrolled in the cohort.
Variables
The variables analyzed in this study were age at diagnosis, sex, race, marital status, Fuhrman grade, pathological stage (T/N/M, derived AJCC, sixth edition), surgery of the primary tumor, radiation, chemotherapy, and metastasectomy. Some of the variables were regrouped in the analysis. Patients with specific age at diagnosis were regrouped into "< 50", "50-59", "60-69", "70-79", "80-89", and "90-100". Patients whose race was recorded as American Indian/Alaskan Native or Asian/ Pacific Islander were assigned to an "others" race category. Patients whose marital status was recorded as "Divorced", "Single" or "Widowed" in the SEER database were regrouped into "Single". The surgical treatment variable was grouped into "Yes" (Radical cystectomy: RX Summ-Surg Prim Site code < 30) and "No" (non-radical cystectomy: RX SummSurg Prim Site code 50-80). The T stage was regrouped into Ta, Tis, T1, T2 (T2a/T2b/T2NOS), T3 (T3a/T3b/T3NOS), and T4 (T4a/T4b/T4NOS). Additionally, considering that the lymph node ratio (LNR) has been commonly used as a quality indicator in bladder cancer, LNR was calculated by dividing the positive node number by the examined node number [17] [18] [19] . To evaluate the prognostic value of lymph node ratio in SCCB patients, positive LNR was stratified into two categories (cut-off point 0.0385) by Xtile program, which is a practical tool for cut-point optimization [20] . Hence, the variable LNR was divided into four categories: LNR = 0 (patients did not receive lymphadenectomy), 0 < LNR ≤ 0.0385, LNR > 0.0385, and unknown. Using a similar approach, we identified 6.5 cm as the cut-off point for the size of the tumor of patients in the cohort. The primary endpoints of the study were overall survival (OS) and cancer-specific survival (CSS). Survival time was calculated from the date of diagnosis to the date of 1) death from any cause for OS; 2) death from SCCB for CSS; or 3) the last follow-up. Frequency and proportion were reported for each variable analyzed in this study.
Statistical analysis
The univariable Cox regression analyses were firstly used to verify whether the association between each variable and survival outcomes, including OS and CSS, is significant. After removing insignificant variables, the multivariable Cox regression analyses were then employed to calculate the association between variables and survival outcomes, including OS and CSS. The variables incorporated into the multivariable Cox models were checked whether they fit the proportional hazards (PH) assumption and found that several variables, including surgery type, T, and N, violated the PH assumption in both OS and CSS models. However, these variables are significant according to the univariable Cox analyses, and in consideration of their clinical significance and their presences improving the fit of the model, we included them in the multivariable Cox analyses. The measure of the association was presented as a hazard ratio (HR). Nomograms in this study were created using information obtained from the multivariable Cox regression analyses.
To decrease the overfit bias, internal validation of this nomogram was then performed using the .632+ bootstrap method with 150 resamples. Predictive performance was then assessed by using the concordance index (C-index). Calibration curves of the nomograms were derived to evaluate the consistency between predicted survival and observed survival. In addition, the 6-fold cross-validation method was applied to evaluate the performance of our multivariable Cox regression models internally.
In the R software (Version 3.5.3), the Cox regression analyses were performed by using the survival package and rms package, the nomogram was graphed by using the rms package, validation was performed by using the rms package, and the 6-fold crossvalidation was performed by using the hdnom package. All statistical tests were considered statistically significant at P < 0.05.
Results
Patients baseline characteristics
According to the inclusion criteria, we selected a total of 1210 patients in this study. Demographics, tumor, and therapy characteristics of the cohort are listed in 
Univariable and multivariable cox regression in the cohort
We used univariable and multivariable Cox regression to analyze the association between these selected characteristics with OS or CSS. As shown in Table 2 , in univariable Cox regression analysis for OS, characteristics reaching statistical significance were as follows: age at diagnosis, marital status, race, sex, grade, TNM stage, radical cystectomy, chemotherapy, tumor size, and LNR. However, in multivariable Cox regression for CSS, race, grade, and chemotherapy were statistically insignificant. Then, we incorporated variables that were significant in the univariable Cox regressions into the multivariable Cox regressions for OS and CSS, respectively.
As shown in Table 3 , multivariable Cox regression analysis for OS indicated that all selected variables had statistical significance except N stage and race. In the multivariable Cox regression analysis for CSS, significant variables were fewer than that in OS, including age at diagnosis, marital status, sex, T stage, M stage, radical cystectomy, tumor size, and LNR. According to Tables 2 and 3 , prognostic outcomes and mortality risk of patients can be intuitively evaluated. For example, older patients may have higher possibilities to experience worse OS and CSS outcomes. Similarly, single women are more likely to have poor prognoses. As for therapy, a radical cystectomy may help patients to get a favorable outcome for both OS and CSS, as other studies reported [3] .
Prognostic nomograms for OS and CSS and validations
All of the variables in multivariable Cox regression analyses were taken into consideration in nomograms for 1-and 3-year OS and CSS, which were shown in Additional file 1: Figure S1 and Additional file 2: Figure S2 , respectively. Each of the variables was given a point according to HR. Then, by adding up the total score from each variable and locating it onto the total points scale, the probability of 1-and 3-year OS and CSS will be obtained. With the nomogram for OS, one can conclude that if a 65-year old married white man with gradeII, T3N1M0, LNR equals 0, and 1.0 cm size of tumor has taken radical cystectomy and chemotherapy, he would score 151 points, which means that this patient has approximately 80% possibility of survival in the first year and approximately 70% possibility of survival in the third year.
Validation of the nomograms was processed in the internal cohort. The C-indices of the nomograms were 0.733 (95% CI, 0.717-0.749) and 0.724 (95% CI, 0.707-0.741) for OS and CSS respectively, which were both higher than 0.7, suggesting that these two nomograms were relatively accurate and suitable for predicting OS and CSS for patients with SCCB. Moreover, 6-fold cross-validation also showed consistent results in Additional file 3: Figure S3 . Internal calibration plots for 1-and 3-year OS and CSS were shown in Fig. 1 , which revealed the significant correlation between predicted survival and actual survival.
Discussion
Bladder cancer has approximately 430,000 new diagnoses in the world annually. However, researchers do not have a clear understanding of the prognosis of the SCC subtype because that SCC only accounts for 2-5% of the total cases [2, 7, 21] . In fact, SCCB is divided into two types: bilharzial-associated SCC (B-SCC) and non-bilharzial-associated SCC (NB-SCC) [3] . In the USA, many studies have shown that the majority of SCCB is NB-SCC, which has a worse prognosis than TCC when adjusting for pathological characteristics like TNM staging [22] [23] [24] . Jason et al. analyzed 178 cases of pure SCC and 2884 cases of pure UC, finding that SCC led to a more rapid disease progression than that of UC, but they nearly had the same survival outcomes [4] . In regard to treatment, due to lack of high-quality observational studies, there has been no agreement on therapy strategies for SCCB except radical cystectomy and urinary diversion up till now [25] .Based on the above reasons, an accurate prognostic prediction model for SCCB patients might have a great clinical value. However, as a result of the rarity of SCCB patients, there has been no widely accepted predicting model so far. To a certain extent, the AJCC staging system has abilities to predict prognosis, mainly based on T, N, and M information. Nevertheless, it is not specially designed for SCCB, and many individualized characteristics which may be predictive are not involved [26] [27] [28] . By contrast, prognostic nomogram is a visualized statistical tool with several advantages, including accuracy, comprehensibility, convenience, and userfriendliness. Hence, nomogram is one of the most widely applied and accurate predictive tools in clinical practice [29, 30] . Currently, there are some nomograms for bladder cancer indeed, but no one is developed for SCCB specifically. Therefore, the two prognostic nomograms for SCCB patients established in this study should be quite useful and practical for clinicians.
Our nomograms are innovative and rational in the following aspects. Firstly, our nomograms are the first method to predict the prognosis of SCCB patients, which makes the individualized prediction of OS and CSS and individualized treatment guidance possible for patients with SCCB in clinical practice. Secondly, many characteristics are involved in our analysis, not only the TNM stage but also other variables like demographic characteristics, clinicopathological parameters, and therapy strategies. According to previous studies, some characteristics did influence the prognosis of bladder cancer. For example, Zahoor et al. revealed that older age (≥70 years old) was associated with worse survival outcomes [31] . Similarly, older groups were assigned with higher points in our nomograms. As for clinicopathological parameters, many studies have discussed the influence of lymph nodes metastasis, staging, grades, and tumor size. Balci et al. found that lymph node involvement, TNM staging, and grade were all critical prognostic factors [32] . Li et al. also showed that tumor size and lymphovascular invasion were the keys to survival outcomes [33] . Additionally, it is noteworthy that radical cystectomy is the 'gold standard' of treatment strategies, which provides patients with a better prognosis than partial cystectomy [3] . Moreover, receiving radiation is associated with poor survival in most of the reported studies [34, 35] , while radiation does provide some disease-free survival benefit for patients with SCCB based on several studies [36] [37] [38] . Chemotherapy is also a fundamental therapy for bladder cancer.
Compared to the sensitivity of TCC to chemotherapy, SCC is more resistant to this therapy [39] . However, a study in the U.S. showed that non-TCC could also get benefit from chemotherapy [40] . Our Cox regression analysis for OS also showed that SCCB patients without chemotherapy would experience higher death risk (HR = 1.652, P < 0.001). In other words, previous studies have shown that involving these variables in our prognostic model would help to improve accuracy. Thirdly, as a result of the relevant large scale of data from the SEER program and rigorous algorithm, the performance of nomograms was reliable with Cindices of 0.733 (95% CI, 0.717-0.749) and 0.724 (95% CI, 0.707-0.741) for OS and CSS respectively. Hence, these two nomograms are both relatively accurate. Finally, as we have described above, except for the common variables, we have also included some characteristics to analyze their associations with prognosis based on our clinical experience, including marital status, race, sex, metastasectomy, and LNR. It was the first time to show that these variables could be prognostic factors for SCCB patients. Above all, our prognosis models are innovative and rational enough to be useful in clinical practice. However, there are still several limitations. First of all, our analysis was based on the SEER database, and some accurate information is missing. For example, two categories ("No/Unknown" or "Yes") were assigned to chemotherapy, which may lead to information bias and influence HR of variables. Additionally, an individual's social-economic status are not included in SEER database [41] , such as education and family income levels, which may also be associated with the prognosis of bladder cancer patients [42] . Therefore, a more dedicated model that includes the social-economic status is in need in the future. Secondly, due to the nature of the retrospective study, these nomograms need to be validated in a prospective cohort in the next step before being formally applied in clinical practice. Finally, despite the C-indices of the two nomograms are greater than 0.7, suggesting high accuracy on OS and CSS, it is not perfect. We still have around 30% of predictions that will be made incorrectly. Indeed, it is impossible to achieve 100% accuracy for any predicting model, but we would try our best to improve the quality and quantity of data and the reliability of algorithms to achieve this aim. 
Conclusions
In this study, our prognostic model revealed that several demographic characteristics, clinicopathological parameters, and therapy strategies have significant associations with survival outcomes of SCCB patients. More importantly, we established the accurate and visible nomograms to predict individual OS and CSS of SCCB patients. The nomograms will help clinicians to evaluate the risk of SCCB patients and apply the individualized treatment.
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Additional file 1 : Figure S1 . Nomogram for predicting 1-and 3-year OS of SCCB. Instruction of the nomogram: firstly, make a vertical line from certain variable to points scale to assign the point of that characteristic; then, add up all of the points from each characteristic and locating it to the total points' scale; finally, draw a vertical line from the total points to 1-and 3-year OS to predict the probability of OS at 1-and 3-year. Nomogram-predicted probability of survival was plotted on the X-axis, and the actual probability of survival was plotted on the Y-axis. The perfect calibration model was represented by dashed lines which indicated actual probability was exactly the same as predicted probability. The distance between solid lines and dashed lines represented the fitness of actual and nomogram-predicted prognosis. Abbreviations: OS, overall survival; CSS, cancer specific survival
